The crystal structure of hexagonal-Sr0.6Ba0.4MnO3 allows various competing superexchange interactions, leading to intriguing magnetic properties. Local structural changes modify overlapping between Mn and oxygen ions with temperature. Calculations based on our model spin-Hamiltonian reveal that the dominant linear antiferromagnetic superexchange interaction between the oxygen-linked Mn4+ ions results in short range correlations (SRC), manifesting a smooth drop in magnetization below 325K. Dominance of superexchange interaction changes its allegiance towards the non-linear oxygen-linked Mn-O-Mn interactions, onsetting long-range correlations (LRC) below 225K. Below the SRC-LRC crossover temperature, electrical response arising from the interacting dipoles exhibits power-law divergent behaviour of relaxation time, upon cooling.
In recent years' magneto-electric (ME) materials have attracted tremendous attention owing to their spectacular applications in various fields such as spintronics, sensors, 4-state memory device, etc [1] [2] [3] [4] . These materials display the coupling between the magnetic and electrical properties. Understanding the microscopic mechanism of ME-coupling is crucial from fundamental as well as applications perspective. In some materials, generally ME-coupling is ascribed to the coexisting magnetic and electrical ordering, though with independent origin of orderings. On the contrary, in some materials, ME-coupling is triggered upon the contingent origin of magnetic and electric orderings. In recent years, a new type of ME coupling is reckoned in systems with either or both ordering as short-ranged [5] . This has opened new avenues for different materials, which were otherwise not considered as multiferroic, given their spatio-temporal inversion-symmetry characters. Included amongst such are YbFe2O4, which shows simultaneous freezing of spin and polar degrees of freedom, indicating a strong ME coupling [6] , multiglass SmFeO3 [7] , and antiferromagnetic quantum paraelectric glass SrCu3Ti4O12 [8] .
Cubic SrMnO3 follows Pm-3m symmetry with linear 180° Mn-O-Mn superexchange interaction leading to G-type AFM interaction with Nèel temperature ~230K [9] . It is shown that strain applied on cubic SrMnO3 by chemically doping with Ba induces ferroelectricity due to displacement of Mn ion at ~400K [9] . In the paramagnetic regime at high temperatures, strain deviates the Mn-O-Mn angle from 180°, which restores to 180° on PM to AFM transition, hence high ME-coupling is observed [10] . Hexagonal (h-) SrMnO3 follows P63/mmc symmetry with linear 180° Mn-O-Mn and non-linear (< 90°) Mn-O-Mn superexchange interaction. h-SrMnO3 also orders G-type antiferromagnetically, with TN ~280K [11] . However, strained hexagonal-SrMnO3 is not well explored for its magnetic and electrical properties. In this study, we explore the coupling among structural, magnetic, and electrical properties of the hexagonal-Sr0.6Ba0.4MnO3 (SBMO), which follows P63/mmc symmetry, similar to its parent compound. Magnetic properties appear to be governed by intricate exchange interactions among the Mn 4+ -ions within Mn2O9 bioctahedra (via face-shared oxygen) and in the adjacent bi-octahedra (via corner-shared oxygen). It is observed that local structure parameters viz., Mn-O bond length, Mn position etc. vary nonmonotonically with temperature, giving rise to magnetic anomalies, concurrent with the nonergodic electrical behavior, displaying ME coupling in the system. 3 Polycrystalline hexagonal-Sr0.6Ba0.4MnO3 (SBMO) was prepared using solid state reaction method. Magnetization measurement was carried out using 7T SQUID VSM (Quantum Design, USA). Dielectric measurements over 10Hz to 1MHz were performed in the temperature range of 100K to 430K in cooling cycle using Alpha-A high performance frequency analyzer (Novo Control). Temperature dependent XRD measurements were performed using Synchrotron source at RRCAT Indus-2, BL-12. Temperature dependent Magneto-dielectric measurements are performed using Agilent E4980A LCR meter in O and 5T magnetic field. Field dependent isothermal magneto-dielectric measurements at 1kHz|210K were performed using Alpha-A highperformance frequency analyzer (Novo Control) and a 9Tesla Integra cryostat/magnet (Oxford NanoSystems). XRD analysis of the SBMO sample discussed in the Ref. [12] reveals its single phase nature with hexagonal P63/mmc symmetry.
Dielectric constant ε′(T) ( Fig. 1(a) ) shows a frequency dependent shoulder (marked as P1) like feature below ~ 230K. In dε′/dT plot ( Fig. 1(b) ), two sets of peaks are noticed; one with a systematic ω-T dispersion, corresponding to the shoulder (feature P1 in Fig. 1(a) ) and another, relatively frequency indifferent one around ~320K. Dispersive peaks appear more clearly in loss tangent tan ( ) shown in Fig. 1 (c), shifting towards higher temperature with increasing frequency. Above ~227K, magnitude and dispersion of tanδ(T) change abruptly, as illustrated by the locus of the peak-maxima. Note that the typical "flat loss" spectral feature [13] is not observed here, which characterizes the relaxor ferroelectrics viz., the merging of loss tangent curves of different frequencies on their lower-temperature side. Therefore, the data apparently rule out the signature of polar nano regions (PNR's)/relaxor state.
For a precise determination of the electrical relaxation character, fits on the frequencydomain tanδT(ω) were performed ( Fig. 1(d) ), using general Havriliak-Negami (H-N) expression for the complex permittivity [14] :
Where ε * is the complex permittivity, ε″ is imaginary permittivity, Δε is known as dielectric strength of the material, τ is the mean relaxation time, σ0 is d.c. conductivity, and (0 ≤ α, β ≤ 1) parameterize the width (broadening) and shape (asymmetry) of relaxation peak spectra, 4 respectively. Optimized α, β ≠ 1 from the H-N fits to tanδT(ω) spectra mark their asymmetry ( Fig.   1(d) ) and T-dependent/extra-Lorentzian FWHM (inset), affirming the non-Debyean nature of the observed relaxations [14] . The non-Debyean character clearly discounts any significant extrinsic contributions to the dielectric response due, e.g., to the Maxwell-Wagner type inter-granular free charges, or to the hopping of intra-granular oxygen-ions. Such independent and uncorrelated polaronic degrees of freedom represent extraneous and conduction-dominant responses, which may feature generic Lorentzian relaxation at very low frequencies, corresponding to the basic Debyean exponential time-decay dynamics [15] .
Accurate τ(T) obtained from the optimum H-N fits is plotted as ln(τ) versus T in Fig. 2 .
Clear change of curvature in ln(τ)-T at 220K reveals two types of relaxation mechanisms (I and II). Region II indicating low temperature divergence fits the characteristic power-law for cluster glasses, borrowed from critically-diverging dynamics of spin-glasses [16] ;
Here τₒ is the approach time for the nascent (just nucleated) dipole-clusters, Tg is the glass transition temperature, and zv is dynamic exponent. Best fit yielding τₒ = 10.79μs, Tg = 100.83K, and zv = 7.39 is shown in Fig. 2 . Optimized dynamic critical exponent is comparable to that for BaTi0.65Zr0.35O3 (BTZ35) [17] , and for the 3D magnetic dipolar glass LiHo0.045Y0.955F4 [18] . Rising We have directly witnessed the essential aging and rejuvenation attributes of the electrical cluster glass phase (region II in Fig. 2 ) by performing the isothermal waiting experiments below and above Tg. Following the standard protocol similar to as employed e.g., in the literature [23, 24] , our results for the dielectric constant measured at 15Hz over 50-160K are shown in Fig. 3 . We chose the low probing frequency, so the bigger magnitudes of both the dielectric constant and the changes in it, measured over the temperature window of interest, provided a good signal to noise ratio for the aging effects as well. We first note that the uninterrupted baseline runs bond-length inequivalence ( Fig. 4(a) , leading to buildup of dynamic dipolar correlations. We denote the temperature range below 225K as the glass region (GR). Shifts in the Mn z -position also lead to concurrent variations in the Mn-O-Mn bond-angle ( Fig. 4(c) ).
The variations in the microscopic structural parameters also modulate the magnetic properties of SBMO. The unit cell (u.c.) of this 4H structure has two face-sharing Mn 2 O 9 bioctahedra; which in turn link together in a corner-sharing fashion through a common oxygen ( Fig. 5(a) ). The corner-shared linkage leads to a 180° antiferromagnetic superexchange (AF-SE) (J 1 ) in the network. Further, within the bi-octahedra, the short Mn 4+ -Mn 4+ distances (~2.50 Å) and the ~80° Mn 4+ -O-Mn 4+ triads through the face-shared oxygen atoms lead to direct-(J D ) and
super-exchange (J S ) interactions respectively, giving rise to an effective magnetic exchange J 2 .
The actual strength and sign of the magnetic interactions J 1 and J 2 will depend on the extent of the orbital overlap between the magnetic ion and the intervening oxygen [47] .
From our magnetic data, as shown in Fig. 5(b) we observe that below 325K, the magnetization starts decreasing gradually; albeit the width of the transition is rather broad. Below 225K (T M ) however, magnetization drops even more gradually, with a discontinuity in its slope. 7 Below both these temperature values, M-H behavior (shown in Fig. 5(c The magnetic data can be modeled by considering the Hamiltonian,
With It should be noted that previous first-principles calculations based on the density functional theory had shown that there is no significant direct overlap of charge densities between the two Mn 4+ ions of the bi-octahedron [49] . However, it should be noted that these calculations were based on ground state structures, and hence the local distortions taking place versus temperature were not taken into consideration. In a related previous study on magnetic properties of 4H-SBMO, the SRC's at high temperatures were assigned to antiferromagnetic fluctuations within the bi-octahedron, and the low temperature properties were described based on the onset of LRC's due to the inter bi-octahedral interactions [50]. On the contrary, our experimental results on the crystal structure, magnetic measurements and supported by our theoretical model, show that the broad hump occurring at 325K is a result of antiferromagnetic fluctuations between Mn 4+ ions of two adjacent bi-octahedra, and the long range ordering sets with the sudden increase of magnetic exchange within the bi-octahedron, as a result of the local structural distortion.
To further confirm that below 225K a different magnetic arrangement takes over, we performed the magnetization versus field measurements from 200K to 300K at 5K interval. From these measurements, we plotted the slope of M-H curves versus temperature ( Fig. 5(d) 
